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Abstract
Background
To validate the point of care testing (POCT) Trop-I analyzer and compare it with a central
laboratory-based chemiluminescence immunoassay, in order to evaluate its performance for
use in critical care areas. Moreover, for clinical decision-making, it is imperative to know the
extent to which patient stratification will differ based on the analytic method being used. In
particular, the aim of this study was to evaluate the analytical performance of the point-of-care
analyzer and demonstrate the agreement with the central laboratory measurements in patients
presenting to the emergency department (ED) with chest pain and suspected acute coronary
syndrome (ACS).

Methods
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This cross-sectional study was performed at the section of chemical pathology, department of
pathology and laboratory medicine, the Aga Khan University (AKU), Karachi, from October to
November 2017. Samples from patients and the quality control material of Trop-I were analyzed
for imprecision, linearity, and method comparison on Advia Centaur (Siemens Diagnostics, CA,
USA), and the AQT90 FLEX analyzer (Radiometer Medical ApS, Brønshøj, Denmark) with
photometric detection at the section of chemical pathology, AKU. Statistical analysis was done
using Microsoft Excel (Microsoft Corporation, Washington, United States) and EP Evaluator
version 10.3.0.556 (Data Innovations, LLC, VT, US). Quantitative variables were represented in
terms of mean ± SD. For precision, the computed SD was compared with allowable random
error. Furthermore, Cohen’s kappa was applied to observe the agreement between the two
methods.
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Results
The Trop-I Precision study on the POCT analyzer showed a coefficient of variation (CV) of 2.4%
using a pooled patient sample with a mean Trop-I of 2.15 ± 0.05 ng/ml. Three standards ranging
from 0.034 to 1.316 ng/ml were run in triplicate to verify accuracy and linearity. The allowable
systematic error (SEa) was 10.0%. The maximum deviation for a mean recovery from 100% was
4.1%. All three of the mean recoveries were accurate and within the allowable error limits. The
results were linear with slope 1.04, intercept 0.0. On a method comparison, Trop-I showed good
agreement, yielding a kappa value of 0.95.
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Conclusion
This study has validated the performance of a POCT Trop-I assay against a central laboratory
immunoassay and found acceptable results. POCT assays for cTnI should be implanted in
emergency settings to ensure the fast triage of patients with chest pain, as well as timely
diagnosis.
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Introduction
The rapid diagnosis of acute coronary syndrome (ACS) relies pivotally on cardiac troponin (cTn)
assays [1]. From a laboratorian’s perspective, cTn has been widely accepted as the leading
biochemical marker of myocardial injury owing to its exclusive synthesis in the myocardium
[2]. As per the recommendations of the American College of Cardiology, the results of cTn
should be ideally available within 30 to 60 minutes of patient presentation into critical care
areas [3]. However, an evaluation of worldwide practices shows that most of the central hospital
laboratories find it difficult to comply with these guidelines of the rapid availability of cTn
results for optimum patient management [4].
The possible solution to meet the optimum turnaround times for cTn, especially in emergency
settings, is bedside point-of-care systems [5]. The POCT devices offer potential benefits,
ranging from the prevention of delays in sample transportation and processing in a central
laboratory, and further eradicates interruptions caused by the non-availability of central
laboratories for various clinical setups [6].
On the contrary, POCT has certain limitations as well as necessitates rigorous quality control
and adequate training of emergency department (ED) end users [7]. Various studies have
reported extensive alarms regarding the potentially decreased accuracy of bedside analyzers
and have revealed the impact of false negative and false positive results on patient
management, unjustified expenditure, and test requests [8-9]. Discordances defined as one
method reading at more than the 99th percentile limit and the comparator less than the limit
between the cTn-I values among different POCT assays and central laboratory assays have been
reported [10-11].
The clinical laboratory, as a standards institute, recommends that laboratories should validate
and evaluate the performance of POCT devices with pre-validated central laboratory-based
assays to meet acceptable performance standards [12]. Moreover, for clinical decision-making,
it is imperative to know the extent to which patient stratification will differ based on the
analytic method being used.
In this study, we evaluated two different cTn-I assays, one POCT (AQT90 FLEX, Radiometer
Medical ApS, Brønshøj, Denmark) and one used in emergency and routine situations at our
laboratory (Advia Centaur, Siemens Diagnostics, CA, USA). In particular, the aim of this study
was to evaluate the analytical performance of the point-of-care analyzer and demonstrate the
agreement with the central laboratory measurements in patients presenting to the emergency
department (ED) with chest pain and suspected ACS.

Materials And Methods
This study was conducted at the section of chemical pathology, department of pathology and
laboratory medicine, the Aga Khan University Hospital, Karachi, from October to November
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2017. The section of chemical pathology in the central laboratory caters to the emergency
department of one of the largest and extensive private sector hospitals in the region.
The cTn-I is analyzed in the central laboratory on the Siemens Adiva Centaur platform. The
system was monitored by routine internal quality control procedures per the Clinical and
Laboratory Standards Institute (CLSI) standards and participation in College of American
Pathologists (CAP) external quality assurance surveys.
Forty de-identified patient samples with cTn-I levels in the range of 0.006 to 50 ng/ml
measured on the Siemens Advia centaur chemiluminescence immunoassay collected in the
course of routine patient care presenting at the ED with chest pain and ischemic symptoms to
rule in or rule out ACS were subjected to testing on the POCT Radiometer AQT90 FLEX
analyzer. As the study was non-interventional, informed consent from the participants was not
required. Additionally, three standards as provided by the manufacturer were also used to verify
the precision accuracy and linearity of cTn-I testing on both analyzers. The diagnostic cutoff
for acute coronary syndrome was taken as >0.04 ng/ml for the Advia Centaur and >0.023 ng/ml
for the AQT 90 Flex analyzer as recommended by the manufacturer's package insert.
Statistical analysis was done using EP Evaluator version 10.3.0.556 (Data Innovations, LLC, VT,
US). Quantitative variables were represented in terms of mean ± SD. For precision, the
computed SD was compared with an allowable random error. Furthermore, Cohen’s kappa was
applied to observe the agreement between the two methods.

Results
A total of 40 samples measured on the Siemens Advia Centaur chemiluminescence
immunoassay in routine clinical care cTn-I levels were subjected to a re-analysis on the POCT
Radiometer AQT90 FLEX analyzer. It was ensured that the cTn-I samples used for the study
covered the entire analytical measurement range from 0.006 to 50 ng/ml. Nineteen (47.5%) of
the samples had cTn-I above the cut off (>0.04 ng/ml).
For precision, 20 samples were analyzed in duplicate on the POCT analyzer and the results were
inserted into the EP evaluator, which generated a coefficient of variation (CV) of 2.4% with
mean cTn-I of 2.15 ± 0.05 ng/ml. The precision study was acceptable as the computed standard
deviation of 0.05 did not exceed the allowable random error of 2.5%, as shown in Figure 1.
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FIGURE 1: Precision plot for cTn-I analyzed by the AQT90 FLEX
analyzer
Precision plot
AQT90 FLEX analyzer: Radiometer Medical ApS, Brønshøj, Denmark

Three standards ranging from 0.034 to 1.316 ng/ml were run in triplicate to verify accuracy and
linearity for the AQT 90 FLEX analyzer. The accuracy test was acceptable as the Allowable
Systematic error (SEa) was 10.0%. The maximum deviation for a mean recovery from 100% was
4.1%. Three of three mean recoveries were accurate and within the allowable error limits.
Furthermore, the results were linear with a slope of 1.04 and intercept 0.0, as demonstrated in
Figures 2-3.
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FIGURE 2: Accuracy plot for cTn-I analyzed by the AQT90 FLEX
analyzer
Scatter plot
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FIGURE 3: Percent recovery for cTn-I analyzed by the AQT90
FLEX analyzer
Percent recovery
AQT90 FLEX analyzer: Radiometer Medical ApS, Brønshøj, Denmark

For a method comparison between the POCT and central laboratory analyzer, 40 de-identified
patient samples re-analyzed on the AQT90 Flex analyzer revealed a good agreement yielding a
kappa value of 0.95, as shown in Table 1.
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Statistical Summary
Negative Reference

Positive Reference

Total

Negative Reference

21(52.5%)

1(2.5%)

22(55%)

Positive Reference

0(0%)

18(45%)

18(45%)

Total

21(52.5%)

19(47.5%)

40(100%)

Kappa value

0.95

TABLE 1: Agreement between AQT 90 FLEX and Advia Centaur cTn-I
AQT90 FLEX analyzer: Radiometer Medical ApS, Brønshøj, Denmark; Advia Centaur: Siemens Diagnostics, CA, USA

Discussion
To the best of our knowledge, this is the first study from Pakistan to evaluate the POCT
performance of cTn-I. A significant element in determining the clinical utility of POCT cTn
testing is the diagnostic performance of an assay at admission, as compared to a central
laboratory assay, to rapidly rule out ACS. Moreover, the importance increases several thousand
folds for ED clinical care providers in order to ensure appropriate triage and patient
management with the critical goal of improving patient outcomes [13-15].
In 2001, the International Federation of Clinical Chemistry (IFCC) recommended that
manufacturers have a target of <10% CV at the myocardial infarction decision limit [16]. A
previously undertaken study by Meon et al. and Herbert et al. in a similar setting has reported
the acceptable precision of the AQT 90 Flex analyzer considering the stringent <10% CV goal.
The results of this study with a CV of 2.4% with mean cTn-I of 2.15 ± 0.05 ng/ml are in
concordance with the literature [17-18]. Furthermore, the assay demonstrated acceptable
linearity covering a range from 0.034 to 1.316 ng/ml to ensure a reliable clinical utility to rule
out or rule in ACS.
For the determination of the clinical utility of POCT cTn-I, 40 patient samples analyzed on the
two comparative platforms revealed an agreement of 95%, which is in concordance with other
reported literature [19]. Apart from ACS, cTn-I can be elevated in certain non-cardiac
pathologies as well as including renal failure [20-21]. In this study, the one patient with a
discordant result had chronic renal failure that compromised the performance of the bedside
analyzer with a lower cut-off for the diagnosis of ACS compared to Advia Centaur.
The current study has a few limitations. First, the sample size was small, limiting the power of
the study and there is a likelihood that the significant variation in findings may arise with
larger sample size. Second, this study was not undertaken to associate the utilized cutoffs with
clinical diagnosis. Future studies are required in resource-limited set-ups like ours to assess the
suitability of POCT testing in clinical settings (e.g., emergency department for strategies to rule
in or rule out acute myocardial infarction (AMI)) and cost-effectiveness of standardizing the
cTnI cutoffs between POCT and central laboratory assays.

Conclusions
2019 Ahmed et al. Cureus 11(3): e4231. DOI 10.7759/cureus.4231

7 of 9

This study has validated the performance of a POCT Trop-I assay against a central laboratory
immunoassay and found acceptable results. POCT assays for cTnI should be implanted in
emergency settings to ensure the fast triage of patients with chest pain along with timely
diagnosis.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Aga Khan University
Hospital issued approval Not Required. As retrospective laboratory data was utilized, ERC
review was exempted. Animal subjects: As the study was non-interventional, informed
consent from the participants was not required. Issued protocol number Not Required.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors
declare the following: Payment/services info: All authors have declared that no financial
support was received from any organization for the submitted work. Financial relationships:
All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or
activities that could appear to have influenced the submitted work.

References
1.

2.

3.

4.

5.

6.

7.

8.

9.

Sandoval Y, Smith SW, Apple FS: Present and future of cardiac troponin in clinical practice: a
paradigm shift to high-sensitivity assays. Am J Med. 2016, 129:354-365.
10.1016/j.amjmed.2015.12.005
Wu AHB, Christenson RH, Greene DN, et al.: Clinical laboratory practice recommendations for
the use of cardiac troponin in acute coronary syndrome: expert opinion from the Academy of
the American Association for Clinical Chemistry and the Task Force on Clinical Applications
of Cardiac Bio-Markers of the International Federation of Clinical Chemistry and Laboratory
Medicine. Clin Chem. 2018, 64:645-656. 10.1373/clinchem.2017.277186
Patel MR, Calhoon JH, Dehmer GJ, et al.: ACC/AATS/AHA/ASE/ASNC/SCAI/SCCT/STS 2016
Appropriate use criteria for coronary revascularization in patients with acute coronary
syndromes. A report of the American College of Cardiology Appropriate Use Criteria Task
Force, American Association for Thoracic Surgery, American Heart Association, American
Society of Echocardiography, American Society of Nuclear Cardiology, Society for
Cardiovascular Angiography and Interventions, Society of Cardiovascular Computed
Tomography, and the Society of Thoracic Surgeons. J Nucl Cardiol. 2017, 24:439-463.
10.1007/s12350-017-0780-8
Goldstein L, Wells M, Vincent-Lambert C: A randomized controlled trial to assess the impact
of upfront point-of-care testing on emergency department treatment time. Am J Clin Pathol.
2018, 150:224-234. 10.1093/ajcp/aqy042
Amundson BE, Apple FS: Cardiac troponin assays: a review of quantitative point-of-care
devices and their efficacy in the diagnosis of myocardial infarction. Clin Chem Lab Med. 2015,
1:665-676. 10.1515/cclm-2014-0837
Apple FS, Christenson RH, Valdes RJ, et al.: Simultaneous rapid measurement of whole blood
myoglobin, creatine kinase MB, and cardiac troponin I by triage cardiac panel for detection of
myocardial infarction. Clin Chem. 1999, 45:199-205.
Lee-Lewandrowski E, Corboy D, Lewandrowski K, Sinclair J, McDermot S, Benzer TI:
Implementation of a point-of-care satellite laboratory in the emergency department of an
academic medical center: impact on test turnaround time and patient emergency department
length of stay. Arch Pathol Lab Med. 2003, 127:456-460. 10.1043/00039985(2003)127<0456:IOAPSL>2.0.CO;2
Bock JL, Singer AJ, Thode HC Jr: Comparison of emergency department patient classification
by point-of-care and central laboratory methods for cardiac troponin I. Am J Clin Pathol.
2008, 130:132-135. 10.1309/NVXH8DL5HWFDNB74
Collinson P, Goodacre S, Gaze D, Gray A: Very early diagnosis of chest pain by point-of-care

2019 Ahmed et al. Cureus 11(3): e4231. DOI 10.7759/cureus.4231

8 of 9

10.

11.

12.
13.

14.

15.

16.
17.

18.
19.

20.

21.

testing: comparison of the diagnostic efficiency of a panel of cardiac biomarkers compared
with troponin measurement alone in the RATPAC trial. Heart. 2012, 98:312-318.
10.1136/heartjnl-2011-300723
Singh J, Akbar MS, Adabag S: Discordance of cardiac troponin I assays on the point-of-care iSTAT and architect assays from Abbott Diagnostics. Clin Chim Acta. 2009, 403:259-260.
10.1016/j.cca.2009.01.017
Apple FS, Ler R, Murakami MM: Determination of 19 cardiac troponin I and T assay 99th
percentile values from a common presumably healthy population. Clin Chem. 2012, 58:15741581. 10.1373/clinchem.2012.192716
Haggerty L, Tran D: Cholesterol point-of-care testing for community pharmacies: a review of
the current literature. J Pharm Pract. 2017, 30:451-458. 10.1177/0897190016645023
Than M, Cullen L, Reid CM, et al.: A 2-h diagnostic protocol to assess patients with chest pain
symptoms in the Asia-Pacific region (ASPECT): a prospective observational validation study.
Lancet. 2011, 377:1077-1084. 10.1016/S0140-6736(11)60310-3
Than M, Cullen L, Aldous S, et al.: 2-hour accelerated diagnostic protocol to access patients
with chest pain symptoms using contemporary troponins as the only biomarker. Clin Res.
2012, 59:2091-2098. 10.1016/j.jacc.2012.02.035
Collinson P, Goodacre S, Gaze D, Gray A: Very early diagnosis of chest pain by point-of-care
testing: comparison of the diagnostic efficiency of a panel of cardiac biomarkers compared
with troponin measurement alone in the RATPAC trial. Heart. 2012, 98:312-318.
10.1136/heartjnl-2011-300723
Panteghini M, Gerhardt W, Apple FS, Dati F, Ravkilde J, Wu AH: Quality specifications for
cardiac troponin assays. Clin Chem Lab Med. 2001, 39:174-178. 10.1515/cclm.2001.39.2.175
Mion MM, Bragato G, Casarotti A, et al.: Clinical performance of cardiac troponin I: a
comparison between the POCT AQT90 FLEX and the Dimension Vista analyzer in an
emergency setting. Clin Biochem. 2017, 50:763-767. 10.1016/j.clinbiochem.2017.03.027
Hedberg P, Wennecke G: A preliminary evaluation of the AQT90 FLEX Tnl immunoassay . Clin
Chem Lab Med. 2009, 46:376-378. 10.1515/CCLM.2009.076
Greiser A, Winter T, Mahfoud H, et al.: The 99th percentile and imprecision of point-of-care
cardiac troponin I in comparison to central laboratory tests in a large reference population.
Clin Biochem. 2017, 50:1198-1202. 10.1016/j.clinbiochem.2017.08.006
Frankel WL, Herold DA, Ziegler TW, Fitzgerald RL: Cardiac troponin T is elevated in
asymptomatic patients with chronic renal failure. Am J Clin Pathol. 1996, 106:118-23.
10.1093/ajcp/106.1.118
Gimenez MR, Twerenbold R, Mueller C: Beyond cardiac troponin: recent advances in the
development of alternative biomarkers for cardiovascular disease. Expert Rev Mol Diagn.
2015, 15:547-556. 10.1586/14737159.2015.1010519

2019 Ahmed et al. Cureus 11(3): e4231. DOI 10.7759/cureus.4231

9 of 9

